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GENERAL INFORMATION 


This introduction describes a novel two channel passive infrared (PIR) movement sensing system 
comprising a RPY222 interdigitated sensor and pattern recognition signal processing circuitry. 


The characteristics of the overall system provide reliable detection with excellent false trigger 
immunity. 


The effects of potential false trigger sources including changing ambient temperature, thermal 
disturbances, random noise spikes and interference are shown to be greatly reduced. 


Currently the vast majority of passive infrared movement sensing units are single-channel systems 
employing compensated dual element sensors such as the RPW100/KRX10. The false trigger. 
performance of these systems is essentially determined by the level of incidence of internally and 
externally generated random noise spike phenomena. These unwanted events can be effectively 
eliminated by using two identical channels in parallel to provide more information. Since the 
probability of random events occurring simultaneously in both channels is extremely low, the 
overall performance can be substantially improved. 


A suitable sensor is our RPY222 which comprises two separate series-connected dual element 
sensors (Fig.1) in a single 4 lead TO-39 encapsulation. The interdigitated electrode construction 
(Patent No. GB 2170952A) has been designed so as to provide almost coincident signals from each 
channel to give further options in the design of the associated signal processing (Patent No. 

GB 217424A). | 


PIR INTRUDER ALARM SYSTEMS 


A block diagram of a simple passive infrared intruder alarm system is shown in Fig.2. It basically 
consists of: 

A Fresnel lens array. 

A PIR sensor 

Two gain stages using bandpass amplifiers. 

A window comparator determined by positive and negative thresholds. 

A logic circuit to perform simple signal processing techniques, as discussed below. 

An alarm relay and output. 


OS. 6 SS 


FRONT END CIRCUIT DESIGN 
A circuit suitable for use with our Fresnel lens array and a single-channel sensor is shown in Fig.3. 


The amplifier frequency response requirements are defined by the range and speed of the intruder, 
the frequency characteristics of the sensor and the zone dimensions of the associated Fresnel 
Optics. 

These factors have been taken into account in the design to give optimum performance. The 
sensor Is operated in a source follower configuration and followed by two operational amplifer 
gain stages which provide 66 dB of gain and defined 3 dB bandwidth of 0.5 Hz to 5 Hz. Table 1 
lists the component values that give the above frequency response and gain characteristics. 


The window comparator threshold levels of +0.5 V and —0.5 V are established by the potential 
divider chain formed by the resistor network R8, R9 and R10. When the input signal exceeds 
these preset levels the appropriate comparator switches from a LOW to a HIGH state. 
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Resistor | Value Capacitor 


($2) 
2206 
100 nF 
10 uF 


10 uF 
2420r 
10 uF 

1 we 
10 nF 





Table 1 


In a two channel unit this circuitry has to be duplicated to provide two completely independent 
signal paths with the four outputs corresponding to +A, —A, +B and —B. 


SIGNAL PROCESSING TECHNIQUES FOR SINGLE CHANNEL SYSTEMS 


Three principal techniques are currently used for processing output signals from the ‘front end’ 
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comparators: 

a. Single-shot signal processing. 

b. Dual-polarity signal processing. 

c. Pulse-count signal processing. 

a. Single-shot signal processing 
This option can be easily implemented by logically combining the comparator outputs to give 
an alarm condition when either the positive OR the negative threshold level comparator 
switches from a LOW to HIGH state. The technique can be prone to false triggers due to 
electrical noise in the ‘front end’ circuitry, thermal effects and external factors such as radio 
frequency interference. 

b. Dual-polarity signal processing 
This technique relies on the fact that an intruder traversing a zone will generate a dual polarity 
signal with a characteristic time between peaks. Following a comparator transition the 
corresponding output is held high for a set time period. Both outputs are connected to the 
inputs of an AND gate and an alarm condition initiated when both inputs are simultaneously 
HIGH. To some extent this method reduces the problems associated with single-shot signal 
processing, but electrical, thermal and external disturbances often give rise to dual-polarity 
signals. 

c. Pulse-count signal processing 


This system will count N comparator output pulses within a predetermined time period before 
raising an alarm condition. The number of pulses, N, to give optimum performance is a 
function of the zone coverage and the associated optics. False triggers due to non-intruder type 
disturbances are now greatly improved but an intruder with knowledge of the detector unit 
employed could defeat the system. 
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TWO-CHANNEL SIGNAL PROCESSING 


Present two-channel detection systems generate an alarm condition in response to the occurrence 
of an electrical output on both channels within a predetermined period of time. For increased 
false trigger immunity, systems can incorporate additional circuitry to ignore substantially 
simultaneous signals from both of the sensor channels. In general these systems do not make full 
use of the additional data which is available from two channel sensors. 


PATTERN RECOGNITION SIGNAL PROCESSING 
The additional information provided by a two-channel sensor can effectively be used by employing 
simple pattern recognition techniques. A block diagram of the intruder alarm unit is shown in 
Fig.4. 
The system consists of three main sections: 
a. Front end circuit. 
Two stages of amplification and filtering which are duplicated to provide independent signal 
paths for each channel of the sensor. 
b. Signal processing. 
Output signals from the comparators are processed by a method known as Pattern Recognition. 
c. Alarm unit. 


An alarm condition raised by the signal processing section is used to drive a warning light and a 
relay. 


Our patented signal processing, by the method of Pattern Recognition relies on the generation of 
unique pulse sequences at the comparator outputs. The sequence information occurring within a 
predetermined period of time is used to distinguish between intruder and non-intruder type 

signatures. Movement within the unit’s field of view will generate a pulse train containing unique 


patterns. To allow sufficient time for all of the data to be gathered and processed a delay has been 


incorporated which is triggered on the leading edge of the first pulse and has a duration of 5 
seconds. 


INTRUDER PATTERNS 


With this system eight intruder patterns have been defined, each of which comprises three sections. 
During an intruder disturbance at least one of these patterns occurs. The number of complete 
patterns depends on the intruder’s speed and the unit’s optical system. -Patterns corresponding to 
movement of an intruder are tabulated in Table 2. If the two channels are labelled ‘A’ and ‘B’ 
respectively the positive peaks are denoted by ‘+A’ and ‘+B’ and negative peaks are denoted by 
‘_A’ and ‘—B’. Examples of timing diagrams corresponding to typical intruder events are shown in 


Figs.5a and 5b. 
Pattern | First in second in Third in 
number sequence sequence sequence 

+A +A and +B +A 


+A and +B 
+B and +A 
+B and +A 
—A and —B 
' —A and —B 
—B and —A 
—B and —A 






















CON OOBRWNH — 





Table 2 





February 1989 





PHILIPS 








INTRODUCTION 
RPY222 SENSOR 





3.3 FALSE TRIGGER PATTERNS 


da. 


Thermal patterns 


Changes in ambient temperature result in either random or no pattern being generated. 
Usually thermal patterns are not capable of generating more than one section of an intruder 
type signature and are therefore incomplete. Examples of timing diagrams corresponding to 
air turbulence and ambient temperature change situations are shown in Figs.5c and 5d 
respectively. 


Radio Frequency interference (Rfi) 


When subjected to 900 MHz radiated interference (6 mW into 50 22 at a distance of 15 cm). 
random signal outputs are produced. Again these comparator transitions are only capable of 
triggering the first in sequence of the intruder signature and do not therefore initiate an alarm 
condition. An example of this behaviour is shown in the timing diagrams shown in Fig.5e. 


4. CIRCUIT REALISATION 


A block diagram of our Pattern Recognition signal processing circuit is shown in Fig.6. The blocks 
describe the major sections of the circuit in relation to the following functions: 


a. 
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THE DETECTION OF INTRUDER PATTERNS FOR BOTH CHANNELS 
When the first in sequence of an intruder pattern is detected: 

(i) aSET-RESET (S-R) type flip-flop remembers that event 

(ii) the next block to look for the second in sequence is enabled 

When the second in sequence of an intruder pattern is detected: 

(i) an S-R type flip-flop remembers that event 

(ii) the next block to look for the third in sequence is enabled 


When the third in sequence of an intruder pattern is detected: an ‘intruder sequence’ memory 
IiSSET. 

END OF SEQUENCE DETECTION 

When all of the comparator outputs go LOW: 

(i) an end of sequence has been detected 

(ii) the first and second in sequence flip-flops are RESET. 

TIMING PERIOD 


When the first comparator in response to a disturbance goes HIGH: the transition is detected 
and the timer is triggered. Following the detection of such a disturbance, the flip-flops will be 
RESET when all four comparator outputs are LOW. 


During the 5 second time delay: 

(i) the timer’s trigger is disabled to prevent retriggering 
(ii) the alarm control unit output is disabled 

When the 5 second time delay has expired: 


(i) the alarm control unit output is enabled 
(ii) the intruder sequence memory is RESET 





PHILIPS 








INTRODUCTION 
RPY222 SENSOR 





~ d. ALARM CONTROL UNIT (ACU) 
_ This monitors the outputs of both the intruder memory and system timer 
(i) if an intruder sequence has been observed AND the time delay has expired then an alarm 
condition is raised 
(ii) otherwise no alarm condition is raised 
The numbers in Fig.6 refer to the waveforms at these points in the timing diagrams (see 
Figs.5a, 5b, 5c, 5d and 5e). Each diagram has a duration of 5 seconds. : 
4.1 CIRCUIT SCHEMATIC 
Our Pattern Recognition signal processing circuit schematic is shown in Fig.7. This circuit consists 
of: 
a. 483 logic gates 
b. a555 timer with associated timing components 
c. analarm RESET switch 
At power up all of the flip-flop outputs are automatically set LOW, and the ‘front end’ circuit and 
= detector time constants require the system to be RESET after an initial stabilisation period. 
The descriptions of the logic gate functions are as follows: 
a. Detection of the first in sequence of intruder type patterns as listed from 1 to 4 in Table 2 is 
achieved by using gates: 
6a, ba, 1a and 1b 
— Gates 1a and 1b make up the S-R type flip-flop (f/f1) 
b. Detection of the second in sequence of intruder patterns 1 to 4: 
7a, 9a, 1c and 1d 
— Gate 9a enables the second in sequence to be looked for following a f/f1 HIGH state 
transition, i.e. only after the detection of the first in sequence. 
— Gates Ic and 1d make up the S-R type flip-flop (f/f2) 
c. Detection of the third in sequence of intruder patterns 1 to 4: 
4d, 6a and 12a 
a — Gate 12a enables the third in sequence to be looked for when the output of 9a switches to 


a LOW state. 
d. Detection of the first in sequence of intruder type patterns as listed from 5 to 8 in Table 2 is 
achieved by gates: 
6b, bb, 2a and 2b 
— Gates 2a and 2b make up the S-R type flip-flop (f/f3) 


e. Detection of the second in sequence of intruder patterns 5 to 8: 
7b, 9b, 2c and 2d 


— Gate 9b enables the second in sequence to be looked for following a f/f3 HIGH state 
transition, ie only after the detection of the first in sequence. 


— Gates 2c and 2d make up the S-R type flip-flop (f/f4) 
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f. Detection of the third in sequence of intruder patterns 5 to 8: 
4c, 6b and 12b 


— Gate 12b enables the third in sequence to be looked for when the output of 9b switches to 
a LOW state 


g. The ‘intruder sequence’ memory, gates 3c and 3d is SET when any of the patterns 1 to 8 are 
seen as determined by gates 6d and Qc. 


h. Timer triggering is achieved by use of gates: 
11a, 11b, 11c, 13a and 1C 14 (555 timer) 
— Gates 11a, 11b, and 11c look for the first leading edge. 
— Gate 13a Is the trigger enable whereby the timer output, pin 3 is inverted via gate 8c and 


fed into the ‘control’ input of 13a disabling the trigger (pin 2) when the timer is on and 
enabling the trigger again when the time delay has expired. 


i. End of sequence detection is determined via gates: 
11a, 11b, 11c, 8d, 12c, 12d, 11d, and 5d 
— Gates 11a, 11b, and 11c are employed here to look for no activity on the comparator 
output lines. 


— Gates 8d, 12c, 12d, 11d, and 5d look at the outputs of the S-R type flip-flops used to 
record the first in sequence of intruder patterns of both channels to see if they need to be 
RESET; 


J. Alarm control unit: 
10a, 10b, 10c, 10d, 13b, 13c, 8c, 9d, 8a, 8b 
— Gates 8c and Qd gives an output from the ACU when the time delay has expired and the 
logical condition of an intruder exists. 


— Gates 8a and 8b holds an alarm condition if it appears at the outputs of the ACU. This can 
be RESET by a manually controlled push to break switch. 


SUMMARY 


The system described has been practically walk-tested for a wide range of intruder speeds at distances of 
up to 12 metres. Detection performance comparable with that of simple single-channel systems has 
been demonstrated. A prototype unit has been subjected to a number of potential false trigger sources 
including thermal disturbances and RF interference. The system provides considerably enhanced 
immunity to these phenomena which will result in a lower incidence of false triggers. 


The logic circuit, which comprises a timer and a number of logic gates, may be implemented at a low 
cost with a single chip semi-custom integrated circuit. 
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ALARM 
RESET 


PKK PATTERN RECOGNITION 
BANDPASS AMPLIFIERS -> 





ALARM 
UNIT 
+B 
SENSOR waTw ELECTRONIC 
CHANNEL B , | | LOGIC CIRCUITS 
_ : 
BANDPASS AMPLIFIERS => 
SENSOR AND FRONT END THRESHOLD LEVEL ELECTRONIC SIGNAL PROCESSING 
CIRCUIT COMPARATOR ARRANGEMENT AND ALARM CIRCUITRY 


M3279 


Fig.4 System block diagram. 


Alarm 

Time Delay 

Not Connected 

Intruder sequence detection 
Third in sequence negative 
Second in sequence negative 
First in sequence negative 
Third in sequence positive 
Second in sequence positive 
First in sequence positive 
Timer trigger 

End of sequence RESET 
—B 

+B 

—A 

+A 


ier 
14. 
13. 
12: 
ae 
10. 
og: 
8. 
Te 
6. 
ye 
4. 
ce 
2. 
i 
0. 


Fig.5 Key to timing diagrams in Figs.5a, b, c, d and e. 
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Fig.ba Intruder walking from left to right w.r.t. the detector. 
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Fig.5d Response to a change in ambient temperature. 
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Fig.5e Response to an RF signal switching on and off. 


- O- Or00rF Oe Or Oe 


oreon +TrT MO N ~- O 


So -« 


° ° 
do w+ MY 








February 1989 15 


PHILIPS 


PHILIPS 


INTRODUCTION 
RPY222 SENSOR 


‘pulssacoid jeubis uolqiuboda1 Usa}jed sjusUOdWOD sdi|!yd ay} JO WesbeIp D0]g Q'BI4 


O8ZEW SY 


c 
JONANOAS €— HOLVYVdNOO 
SY 7 NI LSYl4 , V— YHOLVYVdINOO 
Ol 
HJONANODAS 


Nt QNOOA3S 





NA 





JONANOAS 
YACNYLNI 


1as3q 
WYV IV 
HADOIYL 


AVEaVNa WAIL 
SY Na 
LINA 
Wav IV 
AYOWAW 
G YAGNYLNI JONANOAS 


asad 
AONANOAS 
410 GN&3 









L AONANDAS 
HACGNYLNI YAQNYLNI 





LINA cl 
TOYLNOOD WV 1V 





NA J9NaNDAS 

Oo 
7 | NI GNOOaS D> 
| on 
SH JONaNDAS d+ HOLVHVdWOO > 
NI LSHIs 5 Vt HOLY WdINOD s 
2 
® 
LE 

SY 
co 
L 






INTRODUCTION 
RPY222 SENSOR 





Fig.7 Circuit schematic of the Philips Components pattern recognition signal process. 
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RPY222 
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Supersedes April 1988 data 


TWO-CHANNEL PYROELECTRIC INFRARED SENSOR 


Special features: Two channels in one encapsulation to enable 
intelligent signal processing. 
Application: For use in passive |R intruder alarms. 
Element configuration: | Two series-connected interdigitated pairs. 
Electrical: An impedance converting amplifier per channel, 
each having separate source connections. 
Window: Daylight filtered silicon. 
iL QUICK REFERENCE DATA 
Measured in source follower mode with 100 k{Q2 load resistor. 
min. typ. max. 
Spectral response 6.5+0.5 — >14 um 
Noise, peak-to-peak 
(bandwidth 0.4 Hz to 5 Hz) — 30 55 uv 
Peak signal (500K, 1) 
with incident energy of 25 pWem ” 570 850 1450 suv 
Element dimensions and configuration see page 2 
Operating voltage i: _ 10 V 
Optimum operating frequency range | 0.1 — 20 Hz 


This data must be read in conjunction with GENERAL SAFETY RECOMMENDATIONS — 
OPTOELECTRONIC DEVICES. 


dt MECHANICAL DATA 
SOT-49N. 


See page 2 for outline, element configuration and field of view diagrams. 
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MECHANICAL DATA Dimensions in mm 
Fig.1 SOT-49N. 
0.45 4.2 12.7 min 
0.25 3.8 do not bend leads 
1.25 a source 1 5 within this distance aperture interdigitated 
45 elements 











apparent 1mm nom gap 





— 











element plane ae s interdigitated 
element plane i= elements 
3.6 (N. T. S.) 
3.4 
Field of View : : 
| 59° 59° 48 48 
oo x Le ——7 


M3096 


Fig.2 Element configuration. 
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Two-channel pyroelectric infrared sensor 





PRODUCT SAFETY 

Modern high technology materials have been used in the manufacture of this device to ensure high 
performance. Some of these materials are toxic in certain circumstances. Mechanical or electrical 
damage is unlikely to give rise to any hazard, but toxic vapours may be generated if the device is 
heated to destruction. Disposal of large quantities should therefore be carried out in accordance with 
the latest local legislation. 


SOLDERING 
1. When making soldered connections to the leads, a thermal shunt should be used. 


2. It is essential that any mains operated soldering iron used should be both screened and earthed. 
Failure to observe these precautions may lead to the introduction of line voltages and possible 
damage to the device. (see operating note 5) 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC134). 

Supply voltage max. 20 V 
Temperature, operating range —10to+50 °C 
Temperature, storage range =30 10470 °C 
Lead soldering temperature, =>6 mm from header, t.jq <3 $ <350' °C 


OPERATING NOTES 
1. It is inadvisable to operate the sensor at mains related frequencies. 


2. The case potential must not be allowed to become positive with respect to the other three 
terminals. 


3. The sensor will operate outside the quoted range but may have a degraded performance. 
To avoid the possibility of optical microphony, the sensor must be firmly mounted. 


5. To avoid the possibility of electrostatic damage, precautions similar to those used with CMOS 
devices are necessary, namely: | 


a) Earth wrist straps should be worn. 

b) Table tops or other working surfaces should be conductive and earthed. 

c) Anti-static clothing should be worn, (no wool, silk or synthetic fibres). 

d) No electrical testing should be carried out without specific, approved and written test 
procedures. 

e) To prevent the development of damaging transient voltages, devices should not be inserted into 
or removed from test fixtures with power applied. 


6. An increase in temperature of elements W and Y will produce a positive going signal at the output. 
For elements X and Z, the corresponding output will be negative going. 

7. Due to the high sensitivity of these sensors, care must be taken to ensure that the devices are 
allowed to become thermally stable before testing. 
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CHARACTERISTICS (at Tamb = 22 °C + 3 °C and with recommended circuit) 


Measured in source follower mode with 100 k{2 load resistor. 
min. 
Spectral response 6.5205 


Noise, peak-to-peak 
(bandwidth 0.4 Hz to 5 Hz) (note 1) a 


Peak signal (500K, 1) 
with incident energy of 25 u«Wcem~? 570 


Dual element pair matching (note 2) _ 
Element dimensions and configuration 


Field of view 


F.E.T. Characteristics (at Tap = 22 °C + 3 °C) 


Gate-source cut-off voltage 
Ip =O.1 HA, Vps=6V V(P)GS —1.4 


Transfer conductance 
Ves 0 Vpe=6V.1— Uknz Dfso 1.3 


Notes 


typ. max. 

— > 14 

30 55 

850 1450 

= +20 
see page 2 
see page 2 

— —0.5 


pum 


UV 


EV 
% 


V 


mAV™! 


1. Using low noise filter with 3 dB bandwidth (0.4 Hz to 5 Hz) and roll off at 12 dB per octave. 
Sensors tested for 1 minute under stable electrical and thermal conditions; see operating note 7 on 


age 3. 
pag ae, 


2. The matching of the elements is derived from ee 
ah xX 


x 100%, where Sy, and Sy, are the peak 


signal values of the respective elements. A similar calculation is applicable to elements Z and Y. 


RECOMMENDED CIRCUIT 






O source A 


sensor 
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100 kQ2 


O output 1 
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Two-channel pyroelectric infrared sensor RPY222 





M1421 


incident radiation 


=e) Gig a= —-} 05s kK 


typical response (steady state) 





chopping frequency 


Fig.4 Typical response (steady state) for a given chopping frequency. 
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Fig.5 Typical peak signal as a function of frequency 
(energy level 25 uWcm? at the element with the other element of the pair screened). 
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Fig. 6 Typical peak-to-peak noise as a function of time 
(filter bandwidth 0.4 Hz to 5 Hz). 






Fig./7 Typical normalized window transmission characteristic. 
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MECHANICAL AND ENVIRONMENTAL STANDARDS 


As part of the Quality Assurance programme, the detectors wil! be assessed at regular intervals against 
the requirements of the following IEC standards. The frequency of testing and the limits and 
conditions for the pre- and post-test measurements are based on those stipulated for the CECC 50 000 
series of approved transistors. 


Test severity Duration Note 
[EC 68-2-4 D Accelerated Damp Heat +55 °C, 95% RH 6 cycles | <«—— 

68-2-20 Ta Solderability +235 °C,1.5mm 5 seconds 2 
trom header 

68-2-21 Ub Lead Fatigue 4 cycles -— 2 

68-2-1 Aa Low Temperature Storage —40 °C 2000 hours 2 

68-2-2 Ba High Temperature Storage +70 OC 2000 hours Z 

68-2-14 Nb Change of Temperature —40 °C to+70°C 10 cycles Z 

68-2-6 Fe (B4) Vibration, swept frequency 125 Hz to 2 kHz 2h in each 2 
196 ms’ orientation 

68-2-27 Ea Shock 14700 ms~ 3 pulses 2 

6 orientations 
68-2-20 Tb Resistance to Solder Heat +350 °C, 6 mm 3 seconds 3 


from header 


Notes 


1. The detectors to be checked on a production batch release principle. This is equivalent to Group B.«-— 


2. The detectors to be checked at quarterly intervals. This is equivalent to Group C. 


3. This is an annual check. 
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PATTERN RECOGNITION SIGNAL PROCESSING 


INTRODUCTION 

The performance of conventional PIR systems is ultimately limited by the amount of information 
that can be obtained from a standard dual element sensor. The RPY222 contains two independent 
sensors, the outputs of which can be processed separately to provide a degree of ‘intelligence’ and 
consequent reduction in false triggers (Ref.1). 

The signal processing circuit for the RPY222 (Fig.1) basically consists of 43 standard logic gates and 
atimer IC. In order to eliminate the time consuming task of constructing this circuit, an evaluation 
board has been developed. This allows direct connection of the front end circuitry to a processing 
circuit providing all the necessary facilities for testing and evaluation. 

The evaluation board consists of just two ICs and a few resistors and capacitors (Fig.2). One IC is 
the NE556 Dual Timer and the other is the Philips PLS155 Field-Programmable Logic Sequencer. 
The PLS155 allows all the logic functions of the signal processing circuit to be programmed onto 
the one 20 pin IC. 


2. PLS155 PROGRAMMABLE LOGIC DEVICE (PLD) 


Details on the architecture and features of this device can be found in the PLS 155 data sheet, which 
is included in the Philips Components PLD data book (Ref.2). 


Experience has shown that a circuit which has been designed using standard logic does not program 
efficiently onto aPLD. A better way to design programmable logic is to consider the system as a 
black box with a number of inputs and outputs. The system is then defined as a relationship 
between the inputs and outputs in the form of Boolean equations and state equations. 


Defining a system in the form of a state diagram gives a visible representaion of the different states 
and the relationship between them. It can be seen from Fig.3 that there are two identical but 
completely separate state diagrams required to describe the overall system performance. One 
represents the state transition corresponding to the positive signals and the other to the negative 
signals. 


Once all the necessary equations for the system have been defined, it is a fairly simpie process, with 
the aid of the AMAZE software package, to program a device. 


Firstly the pins are labelled and configured, according to the requirements of the system, using the 
pin-list editor (Fig.4). Then the Boolean equations are entered using the Boolean equation entry 
Tile (Fig.5). The flip-flops are also configured here, in this case all four are programmed to J-K 

- Toggle mode. 


The next stage is the entry of the state equations, which is performed using the state equation entry 
file (Fig.6). Information is entered into this file in a free format. A state transition language similar 
to Pascal is used, as can be seen in Fig.6. 


Taking these three files, pin list file, Boolean entry file and state entry file, AMAZE can then ‘’goto”’ 
assemble the information and produce a fuse map. The fuse map is represented in the form of a 
program table (Fig.7), which is the equivalent of a truth table. 


Before down loading the fuse map to the programmer, the device can be checked for accurate 
operation using the AMAZE simulator. Any changes can then be made before the device is 
programmed, which can help to prevent unnecessary wastage of devices. 
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3. EXTERNAL CONNECTIONS (see Fig.8) 


The only external connections are via connector 1 


Pint 2 Vee ue} 

Pin6 : GND(OV) 

Pin2 : +A 

Pin3 : —A Comparator outputs from front 
Pin4 : +B { — endcircuitry (note i) 

Pind : —B | 


Notes: 


i. It is essential that the high to low transition on the comparator outputs are bounce free. Pull 
down resistors on the comparator outputs may be required. 


4. ON-BOARD JUMPERS 
J1: This jumper connects either one of the two alarm outputs to the LED, D1. 


a) ‘Alarm’ pin 7 on IC1 indicates that an intruder sequence has been detected. 


or 
b) ‘AlarmT’ pin 19 on IC1 indicates that an intruder sequence has been detected and the 
time delay has elapsed. 


J2: This jumper allows the time delay to be selected. The two resistors connected are R4 and R5 
which have values of 10 MQ and 4.7 MQ2 respectively. The 10 MQ value gives a time delay of 
approx 5 seconds and the 4.7 MQ gives a time delay of approx 2.5 seconds. Alternative time 
delays can be easily implemented by changing R4 or R5 for values which can be calculated 
from the following equation: 

T ~ 1.1 RC seconds where R = R4or Rb in QQ 
and C = C3 inF 
(C3 = 0.47 pF) 


5. STATE BITS 
PT1 has four pins which give access to the values of the 4 state bits SBO, SB1, SB2 and SB3. By 
referring to the state transfer information, Fig.6, it is possible to monitor the bits and confirm that 
the system is operating correctly. They provide a valuable tool when fault finding. 


6. CLOCK FREQUENCY 

There are two main factors which determine the optimum clock frequency. 

I. From experimental results it has been found that an intruder sequence can contain pulses (one 
from each channel) that differ in time by a minimum of approximately 10 ms. In order that 
these two pulses appear to have occurred at different moments in time, the clock speed must 
not be greater than 10 ms to provide adequate resolution. 

ii. It has also been found that noise spikes which produce simultaneous signals on both channels 
can, as a result of amplitude and phase differences in the front end circuitry, appear at the 
comparator outputs slightly delayed with respect to each other. To try and counteract this 
problem the clock is made as slow as possible to ensure that these pulses appear to be 
simultaneous. 


Taking these two constraints dictates an optimum clock speed of approximately 5 ms. 


7. PCB 


The component and track layout for side 1 and side 2 of the PCB can be seen in Fig.8 and Fig.9 
respectively. 
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8. COMPONENT LIST 


Resistors Capacitors 
R1 10 kQ2 Ci 1 MEF 
RZ 10 kQ C2 1 eF 
R3 Ze 2S C3 0.47 wk 
R4 10 MQ2 C4 330 nF 
R5 4.7 MQ C5 220F 
R6 330° S2 C6 22 -iiF 
R7 6.8 kQ2 CH 2.2 F 
C8 2.2 NF 
C9 10 uF 
C10 0.1 wk 
5 TRF 
C12 47 uF 


Semiconductors 


MGA PLS155 PLD 
IC2 NE556 Dual timer 
D1 LED Standard 


9. REFERENCES AND PUBLICATIONS 
1. ‘Passive Infrared (PIR) Intruder Alarms’’, Philips Technica! Publication, TP213, July 1986. 
2. “‘Semi-custom Programmable Logic Devices (PLD)’’, Philips Data Handbook, 1C13. 
3. “Introduction to RPY222 sensor’, see pages 1 to 17 of this publication. 








February 1989 3 


PHILIPS 


) 


‘91BO] psepueys Hulsn 1iInd419 Hurssadoud jeubis 1 ‘big 


“a 
a 
= 
=x 
a 





qg 


(| : 
LNd ino MSs 








ge Tt 
Ee t/t 
e| 


| aN 1 


February 1989 





el 


S 
N=0O 
N53 
29 

> 

Lid 





‘GGLS 1d & buisn 1INnd4Id Buissadoud jeuBbls 7614 


RPY222 
EVALUATION 
BOARD 


February 1989 





CIN) UN 
YSOEY 1s / 
qa “ Gas) 
>BR | 32B] 39a ra 
ie 
RBS | 
800d 1#/ 
" 2 HOE 
Sy EvOE Ts / 
Ev0E 1+ / 0@2E1#/ 082E T= / == nt 


NOEE Nee oN2 Le) vOTOE I#/ 














B00z1+/ j 7 
3 TNOO 
Le S TNOO 
+ TNOO 
E TNO 
=a 2 tN 
g00z7s/ EPOETs/ {? YS02B I= / 
MOt nt - NOD 
au DA 





8002 1#/ 
MOF 
va 


A 


oe) 
= 
” 
2) 
@ 
oO 
e) 
os 
©. 
S 
Cc 
= 
Nn 
Cc 
fe) 
2 
Cc 
o 
°) 
oO 
® 
dos 
c 
toa 
® 
oer 
ae 
4°) 
ou 





RPY222 


EVALUATION 
BOARD ee 





A+B+ 





M3275 
Fig.3 State diagram representation of system. 
PIN LIST 

LABEL we TRING PVN, scot ecco PIN? (ENG ** LABEL 
CLOCK or... = 1-I I-20 ** +5V **VCC 
AP ne oe 2—| I-19 ** QO **ALARMT 
AM al oo 3—| P I-18 ** /O **TRIGGER 
BP mee ol oe 4—| Li I-17 ** /O **SB3 
BM aaa a 5—| S I-16 ** /O **SB2 
ALARM AG Se 6—| 1 I-15 ** /O **SB1 
RESETN oe || ae 7-| 5 I-14. ** /Q **SBO 
OSCO alan © sens 8—| 5 Slo. S| **TIMEOUT 
OSCI a ey. ee 9—| I-12. ** /O **TIMRES 
GND ** OV ** 10-1 I-11 ** /DE **N/C 


Fig.4 AMAZE pin list file. 
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@DEVICE TYPE 

PES to5 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMPANY 

@NAME 

@DESCRIPTION 

@COMMON PRODUCT TERM 


res =sbO*sb1*sb2*sb3; 
@COMPLEMENT ARRAY 
/c =/(res); 

@!1/O DIRECTION 

d3 =osco; 

@FLIP FLOP CONTROL 
fc =1: 

@OUTPUT ENABLE 
@REGISTER LOAD 
@ASYNCHRONOUS PRESET/RESET 
@FLIP FLOP MODE 
@LOGIC EQUATION 


“timer” 


trigger=/(/c* resetn); 
timres=/(restalarmt+/resetn): 


“alarm outputs” 


alarm = (sb0*/sb1)+(sb2*/sb3); 
alarmt=((sb0%sb1)+(sb2*/sb3))*/timeout; 


Fig.5 AMAZE Boolean Equation 
entry file. 


@DEVICE SELECTION 

alarm/pls155 

@STATE VECTORS 
[sb0,sb1,sb2,sb3] 


pres = 11——b; 
pist =0O1——b; 


p2nd = 00——b; 
p3rd = 10——b; 
bmp. ==—T-=—b} 
mres =——11b; 
mist = ——O1b; 
m2nd = ——OOb; 
m3rd = ——10b; 
mjmp = —~—1b 
all = ————h; 


reset = 1111b; 


@INPUT VECTORS 
@OUTPUT VECTORS 
@TRANSITIONS 


“plus inputs”’ 


while [pres] 
if [ap*/bp*resetn | 
if [/ap* bp* resetn | 

while [p1st] 
if [/ap*/bp*resetn* timeout] 
if [ap* bp* resetn* timeout] 
if [/timeout* resetn] 

while [p2nd] 
if [ap*/bp* resetn* timeout] 
if [/ap* bp* resetn* timeout] 
if [/ap*/bp* resetn* timeout] 
if [/timeout* resetn] 


“minus inputs’ 


while [mres] 
if [am*/bm*resetn] 
if [/am*bm* resetn] 

while [mst] 
if [/am*/bm* resetn | 
if [am*bm*resetn | 
if [/timeout* resetn] 

while [m2nd] 
if [am*/bm* resetn* timeout] 
if [/am* bm * resetn* timeout] 
if [/am*bm*resetn* timeout] 
if [/timeout* resetn] 


““reset’’ 


while [all] 
if [/resetn] 
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then [p1st] 
then [p 1st] 


then [pres] 
then [p2nd] 
then [pres] 


then [p3rd] 
then [p3rd] 
then [pjmp] 
then [pjmp] 


then [mst] 
then [m1st] 


then [mres] 
then [m2nd] 
then |[mres]| 


[m3rd] 
then [m3rd] 
then [mjmp] 
then [mjmp] 


then 


then [reset] 


Fig.6 AMAZE state equation entry file. 
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Fig.8 PCB layout (side 1). 
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Fig.9 PCB layout (side 2). 
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